Recently published analyses have shown that the risks of mesothelioma and lung cancer in Quebec chrysotile miners and millers were related to estimated level of ®brous tremolite in the mines where they had worked. An analysis has therefore been made of radiographic changes in men who in 1965 were employed by companies in Thetford Mines where the same question could be examined for ®brogenicity. Of 294 men who met the necessary requirements, 129 had worked in six centrally located mines, where the tremolite content was thought to be high, 81 in 10 peripheral mines where it was thought to be low and 84 in both. The median prevalence of small parenchymal opacities (e1/0) in chest radiographs read by six readers was higher among men ever than never employed in the central mines (13.6% against 7.4%), despite the fact that the mean cumulative exposure was lower in the former (430 mpcf.y vs 520 mpcf.y). After accounting by logistic regression for cigarette smoking, age, smoking-age interaction and cumulative exposure, the adjusted odds ratio for central mine employment was 2.44 (95% lower bound: 1.06). Together with other surveys of asbestos miners and millers, this study suggests that amphibole ®bres, including tremolite, are more ®brogenic than chrysotile, perhaps to the same extent that they are carcinogenic, though the data available were not sucient to address the latter question. #
INTRODUCTION
Recent analyses of mortality in the Quebec cohort of chrysotile miners and millers demonstrated that, among men employed in the town of Asbestos, the risks of mesothelioma and lung cancer were both substantially higher than in Thetford Mines, and that in Thetford Mines the risks for workers in ®ve mines located centrally were much higher than in 10 mines located peripherally. Tremolite ®bre contamination had been shown to be some four times higher in the former than the latter or in Asbestos, and it was concluded that this factor was responsible for these dierences in carcinogenicity , Liddell et al., 1998 . The question therefore arises as to whether a similar dierence might apply also to ®brogenicity.
Radiographic surveys capable of testing the relative ®brogenicity of chrysotile and ®brous amphiboles, including tremolite, are extremely scanty. There are several reasons for this: ®rst, working populations surveyed radiographically are almost all cross-sectional and usually of doubtful comparability; second, virtually all the exposure estimates are based on dust and not ®bre concentrations without direct evidence of ®bre type or concentration; third, the chest radiographs are generally of varied quality and their classi®cation made at dierent times and by dierent groups of readers. Nevertheless, there remains the fairly strong impression that the prevalence of small radiographic opacities in the crocidolite miners and millers in Australia and South Africa was much higher, in relation to cumulative exposure (®bre/ml.y) than in the chrysotile miners and millers of Corsica or Quebec (Becklake, 1991) . Similarly, men exposed to Ann. occup. Hyg., Vol. 43, No. 7, pp. 439±442, 1999 # 1999 British Occupational Hygiene Society Published by Elsevier Science Ltd. All rights reserved Printed in Great Britain. 0003±4878/99/$20.00 + 0.00 ®brous tremolite but not to other mineral ®bres in the vermiculite mines and mills of Montana also experienced a much higher risk of radiographic changes on chest X-ray than Quebec chrysotile workers (McDonald et al., 1986; Armstrong et al., 1988) . The important need to test and clarify this conclusion more de®nitely is the reason for the study described below.
MATERIALS AND METHODS

Study population
In 1966 a comprehensive study of mortality and morbidity in the Quebec chrysotile production industry was begun. Much of this was based on all known past employees but it included also a detailed morbidity study of a strati®ed random sample of 1015 men, heavily weighted with older men, drawn from an estimated 6180 currently employed on October 31st, 1965 (see McDonald et al., 1974) . The 1966 radiographs for the 1015 men were assessed blind and independently by six experienced readers in what became the UICC/Cincinnati classi®cation of radiographs, later accepted with minor changes as the ILO U/C (1971) international classi®cation. A complete set of six readings was recorded for 988 men; 691 from Thetford Mines and 297 from Asbestos. Full work histories were available for only 450 of the 691 who, because they were born 1891±1920, were included in our major cohort mortality study. The remaining 241 men were too young, having been born in 1921 or later. Of the 450, 298 had been employed by either the largest company in the Thetford Mines area or by a smaller but long established company located centrally. Work history records for four of the 298 men could not be found, leaving 294 for analysis.
Classi®cation of work histories
Periods of employment, with dates, in six centrally and 10 peripherally located mines were extracted from the individual employment records. This classi®cation was the same as that used in the analysis of cancer deaths , except that the additional small centrally located mine was included in the present study. Also available for each subject were date of birth, smoking habit, time-weighted intensity of dust exposure in million particles per cubic foot (mpcf) and full radiographic score by each of the six readers. For each reading, profusion of small opacities was taken as the maximum profusion level of rounded and irregular opacities. For each radiograph, the median of the six profusion level readings was used as the summary reading for profusion (in cases in which the median fell between two profusion levels, the higher level was used). A summary of these data is shown in Table 1 .
Statistical methods
Multiple logistic regression analyses were used to assess relationships between the presence of small opacities (profusion e1/0 by median profusion level) and possible explanatory variables, including cigarette smoking category, age, years worked, cumulative asbestos exposure, mine area and interaction terms. In testing for statistically signi®cant dierences in the prevalence rates for the two mine areas, a worker was categorised by whether or not he had ever worked in the central mines. In these logistic regressions, the eect of central mine employment on risk of opacities was evaluated after accounting for the eects of other factors.
RESULTS
Workers employed in the dierent mining areas were similar with respect to age, years worked and cigarette smoking (Table 1) . However, compared with the other miners, those employed only in the peripheral mines had a higher mean cumulative dust exposure and average intensity of exposure but a lower percentage with small radiographic opacities (7.4% compared with 14.0% for miners employed only in the central mines and 13.1% for those who worked in both areas). Contrasting men who had ever worked in the central mines with those who had not, the prevalences are 13.6% and 7.4%, or an unadjusted odds ratio of 1.97.
Cigarette smoking was a risk factor for radio- graphic opacities of marginal signi®cance (7.1% of never/ex smokers vs 13.4% of current smokers, one-tailed P = 0.06). Age was a signi®cant factor alone and after accounting for the eect of current smoking (one-tailed P = 0.02 on both approaches). There was a signi®cant age±smoking interaction eect, with risk increasing more steeply with age for current smokers than for the never/ex-smokers (possibly indicating an eect of increasing duration of smoking).
After allowing for age, current smoking and an age-smoking interactive eect, cumulative asbestos exposure was signi®cantly related to presence of opacities (one-tailed P = 0.02) and years employed was marginally so (one-tailed P = 0.052). After including cumulative exposure in the model, years employed and smoking-exposure interaction terms did not approach statistical signi®cance.
After accounting for the eects of the factors listed above (cigarette smoking, age, smoking±age interaction and cumulative exposure), there was a statistically signi®cant dierence in the risk of opacities according to mine area (one-tailed P = 0.038), with those ever employed in the central mines having the higher risk. There was no signi®-cant interaction eect of mine and either exposure or age. Based on the logistic model, the adjusted odds ratio for central mine employment was 2.44 (95% lower bound: 1.06).
The observed unadjusted trends in prevalence of opacities with cumulative exposure, years worked and mining area are shown in Tables 2 and 3 .
DISCUSSION
These analyses based of necessity on regrettably small numbers will nevertheless be dicult to repeat. Useful information could conceivably be obtained were it possible to conduct a radiographic survey of miners and millers of chrysotile free of tremolite contamination. There is evidence that the tremolite contamination of the chrysotile deposits in Zimbabwe is low but not totally absent (Rees et al., 1992 ) and a limited radiological survey of 272 mine and mill workers with a median service of 21 years showed that 23 (8.5%) had small parenchymal opacities (e1/0) (Cullen et al., 1991) . This prevalence rate, although assessed by only one reader, is very similar to that for workers in the peripheral mines at Thetford (7.4%) or in the mine at Asbestos (6%)Ðsee below. The chrysotile mining industry in Zimbabwe clearly deserves much greater study.
More closely comparable were the standardised prevalence rates of radiographic changes for male workers in Thetford Mines and Asbestos made nearly 30 years ago (Rossiter et al., 1972) . These results were based on a carefully conducted survey of chest ®lms from 6529 men aged 36±65, assessed blind and independently by six readers into the UICC/Cincinnati Classi®cation. The analyses, which took account of age and cumulative dust exposures, showed that the standardised prevalence rate for small opacities (e1/0) was somewhat higher in Thetford Mines (9.6%) than in Asbestos (6%). This dierence increased fairly steadily with cumulative exposure to double or more at 400 mpcf.y or higher. Data on tremolite levels in Quebec chrysotile are scanty but the available evidence suggests it was considerably lower in Asbestos than in Thetford MinesÐprobably similar to that in the peripheral mines at Thetford.
Directly relevant was the comparison made between radiographic studies of vermiculite workers whose only asbestos exposure was to tremolite, and Quebec chrysotile workers. This showed that for 100 ®bre-years of exposure, the estimated excess prevalence of small opacities (e1/0) was between 5 and 7% in the former and 4% in the latter. This was not a large dierence given the much lower concentration of tremolite in the Quebec mines. Overall, the information available from all sources, including the present study, thus suggests that the ®brogenicity of chrysotile is probably related disproportionately to the presence of ®brous tremolite. As our measures of exposure are crude and it is known geologically that chrysotile, as mined and milled, is likely to vary enormously in tremolite content from place to place and from year to year, it is not surprising that there are inconsistencies, especially in relation to duration of employment and at high levels of cumulative exposure. The correlation between tremolite level and risk is clear for mesothelioma and fairly strong for lung cancer; that for pulmonary ®brosis appears to be of the same order. It would be useful to know the relative magnitude of these three levels of risk, but the data available are not sucient to discriminate reliably.
